Radioactive nuclei were created at the beginning of the Universe and with a long half-life, are still present in Earth's crust. The radiations due to the radionuclides contribute to natural background radiation. This generally occurs in ground-source materials (stone, soil, rocks, etc.) in different concentrations. The levels of radiation are due to the uranium, thorium and potassium present in the material. In this study, the natural radioactivity concentrations of coals extracted in Suluova have been determined using a NaI(Tl) γ-ray spectrometer system. The radium equivalent activities of the samples were all below the recommended limit values (370 Bq kg −1 ). The value of external hazard indices is less than unity.
Introduction
We are constantly faced with radiation from natural resources. A large portion of the radiation we are exposed to comes from natural sources. The basis of this radiation, U-238, Th-232 and U-235 are radioactive elements that belong to the decay series. Similarly, radioactive elements that provide radiation decays are found in underground mines, such as uranium, thorium or potassium.
One of the risks to mine workers' health is exposure to the radiation in coal. Mine workers are exposed to gamma radiation released from the natural radioactive elements in geological structures [1] . The radiation doses depend on the type of mine; hours spent working in mines, production techniques and ventilation parameters [2] . In this study, the natural radioactivity concentrations of coal extracted in Suluova have been determined using a NaI(Tl) γ-ray spectrometer system. • C for about 20 hours to ensure that moisture was completely removed. The dry weight was taken for each sample. Then they were put in sealed polyethylene containers. The samples were submitted to gamma readings after waiting for 222 Rn to reach secular equilibrium with 226 Ra (more than one month) [3] . * corresponding author; e-mail: fbmavi32@hotmail.com
Materials and method
The natural radioactivity concentrations of coal samples were measured using the gamma spectrometer, which contains a 3 × 3 NaI(Tl) detector coupled to a digital spectrum analyzer (DSPEC LF) which was connected to the multi-channel analyser (MCA) and provided by Ortec hardware which was controlled by MAESTRO-32 software. The counting time for each sample and background was 72000 s (20 h).
The 226 Ra and 232 Th activity concentrations were determined by the photo peaks of their daughters, 214 Bi (1764 keV) and 208 Tl (2610 keV), respectively. The 40 K activity concentration A was determined directly from the 1460 keV photopeak.
Calculations and results

Activity concentration
The activity concentrations of 40 K, 226 Ra and 232 Th in Bq/kg were computed using the following equation relation:
where A is the counting rate of gamma rays in Bq kg −1 , N P A is the net peak area per second. ε is the detector efficiency of the specific gamma ray, γ the absolute transition probability of gamma decay and m the mass of the sample in kg [3, 4] .
The Fig. 1. 
Radium equivalent activity
To assess the radiological risk of the materials, it is useful to calculate an index called the radium equivalent [6, 7] .
Ra eq is calculated using the following equation, as described by UNSCEAR [8] ,
where A Ra , A Th and A K are the activity concentrations of 226 Ra, 232 Th and 40 K, respectively, in Bq kg −1 . The results range from 49.96 to 148.11 Bq kg −1 as shown in Fig. 2 . Ra eq values of lower than the recommended maximum limit value of 370 Bq kg −1 [9] . 
Absorbed dose rate
To evaluate the external exposure from naturally occurring radionuclides, the air absorbed dose rate D due to terrestrial gamma rays at 1 m above the ground was calculated from 226 Ra, 232 Th and 40 K concentration values using the formula [5] :
It can be seen that the absorbed dose rate ranged from 25.82 to 67.50 nGy h −1 as shown in Fig. 3 . This is within the world range 18-93 nGy h −1 [5] . The absorbed dose values are within the world range value. 
External radiation hazard index
The external radiation hazard index H ex due to the emitted gamma-rays of the samples is calculated from the following equation [7] :
The value of H ex must be less than unity. The results range from 0.141 to 0.404 as shown in Fig. 4 . It is clear that all measured results are much lower than upper limit of the unity. 
Conclusions
From these results, it can be inferred that the general distribution of activity concentrations are tolerable. Furthermore, the calculated radiological effect is lower than the recommended limit value. The radium equivalent activities obtained for the samples in this study were all below the recommended limit values (370 Bq kg −1 ). The value of external hazard indices is less than unity.
